To develop a model for identifying women receiving cervical cerclage at risk for spontaneous preterm birth <32 weeks.
INTRODUCTION
Cervical cerclage is the treatment most frequently employed for cervical insufficiency. Results of recent studies on the use of cerclage to reduce the incidence of preterm birth have been inconsistent. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Although some studies have shown pregnancy prolongation with the use of cerclage, others have not. In some cases, the presence of cerclage has been associated with a trend towards increased preterm birth. 1, 5 One important confounder in these studies is the indication for cerclage placement. Traditionally, a past history of recurrent painless mid-trimester losses has been used as the indication for the cerclage, [3] [4] [5] but recent studies have used a cervical length below 25 mm using transvaginal ultrasound as the indication for cerclage. [6] [7] [8] [9] [10] Since the efficacy of the procedure is not proven, evaluation of the adverse outcomes associated with cerclage is of paramount importance. Several adverse outcomes that have been reported in patients receiving cerclage include preterm premature rupture of membranes, infectious complications, postpartum endometritis, increased uterine contractions requiring tocolysis, Cesarean delivery secondary to cervical stenosis, and pregnancy loss from secondtrimester abortion or very early preterm birth. [12] [13] [14] [15] Of these adverse outcomes, preterm delivery is the most significant as it contributes to about 75% of perinatal mortality.
The aims of this study are to evaluate the risk factors associated with preterm birth in women receiving cervical cerclage and to explore the feasibility of developing a scoring system for predicting women at risk for preterm birth.
MATERIAL AND METHODS
This was a retrospective cohort study of high-risk patients who received cerclage between 10 and 24 weeks based on a history of: one or more spontaneous preterm delivery (PTD) between 14 and 34 weeks' gestation, two or more dilatation and curettages for voluntary first-trimester abortion, Mullerian anomaly, cone biopsy, and diethylstilbestrol (DES) exposure. These patients were all from Thomas Jefferson University Hospital, Philadelphia. All patients with singleton gestation who received cerclage between 10 and 24 weeks were identified and evaluated for risk factors associated with PTD <32 weeks. The exclusion criteria for this study were: indicated preterm delivery, multiple gestation, placenta previa, and severe fetal congenital anomalies.
The risk factors evaluated include: indication for cerclage (obstetric history consistent with cervical insufficiency, clinical finding of a shortened cervix on digital examination, or transvaginal ultrasound finding of shortened cervical length), gestational age (GA) at cerclage placement, cervical length (CL) prior to cerclage, timing of cerclage (prophylactic or emergency) and route of cerclage (abdominal versus transvaginal). Emergency cerclages were those performed secondary to painless cervical dilatation >2 cm on digital exam.
The patients had either a McDonald-type suture using Mersilene, or in some cases with a prior failure of cerclage, an abdominal cerclage was performed. The decision to perform an abdominal cerclage was made by the individual obstetrician after counseling the patient on the risks and benefits of abdominal cerclage. In all, 48 of the 72 women with such a history had an abdominal cerclage. Tocolytics and antibiotics were not used as part of routine preoperative or postoperative management.
In the univariable analysis testing the association of various risk factors with PTD <32 weeks, Pearson's w 2 or Fisher's exact tests were used to analyze categorical variables, and t-test for continuous variables. We created a multivariable regression model to determine the association between risk factors and PTD <32 weeks. We chose a cut-off of <32 weeks as deliveries below this gestational age are associated the highest neonatal morbidity and mortality. Gestational ages were by last menstrual period and all confirmed by ultrasound prior to 20 weeks. The initial logistic regression model included variables that were either significant or close ( p<0.10) to being significantly associated with PTD in the univariate analyses. Stepwise logistic regression was performed by removing each least-significant factor and then refitting the model. p<0.05 was considered significant. The goodness of fit of the final regression model was assessed using Pearson's w 2 and logistic regression diagnostics. The goal of the predictive model was to identify as many patients receiving cervical cerclage that are likely to develop spontaneous PTD <32 weeks; therefore, maximizing the sensitivity of the predictive rule was of utmost importance.
The prediction rule or risk-scoring system was developed by assigning a score depending on the presence or absence of a significant risk factor for spontaneous PTD <32 weeks, using the final explanatory regression model. Each risk factor for spontaneous PTD <32 weeks was weighted according to the odds ratio from the explanatory model. We used receiver operator characteristic analysis to determine the optimal score cut-off point for prediction of spontaneous PTD <32 weeks with the maximal sensitivity while maintaining a reasonable specificity. The best model was one with the highest sensitivity using as few variables as possible.
Statistical analyses were performed using STATA statistical software (version 7.0; Stata Corporation, College Station, TX).
RESULTS
We identified 256 women receiving cerclage between 1996 and 2002 that met our inclusion criteria. Table 1 depicts the demographics and high-risk characteristics for the study population. PTD <32 weeks occurred in 51 (20%) with 32 (63%) of these occurring after preterm premature rupture of membranes. The 51 women (cases) delivering before 32 weeks were compared with a control group (205) who delivered after 32 weeks. Table 2 shows the results of the univariate analyses for risk factors associated with PTD <32 weeks in the cases compared with the control group. The risk factors that were significant or close to being significant (p<0.10) on this analysis were further evaluated using backward stepwise logistic regression models. The results of these analyses are shown in Table 3 . The risk factors associated with PTD <32 weeks were: a CL <25 mm prior to cerclage placement, emergency placement of cerclage and a history of a cone biopsy of the cervix.
We sought to determine if a model for predicting PTD <32 weeks in women receiving cerclage could be developed. The prevalence of preterm birth <32 weeks was 20% (51/256) in our study population. The goodness-of-fit statistics and logistic regression diagnostics revealed that the final explanatory model was well fit. Table 4 depicts the accuracy of the predictive model using the three risk factors (cervical length, emergent cerclage, and history of cone biopsy) associated with spontaneous preterm birth <32 weeks. Patients were assigned a spontaneous PTD risk score according to the presence or absence of each significant risk factor from the explanatory model. Since the odds ratios of the significant risk factors were similar, the patients received 1 point for each risk factor present. Figure 1 depicts the receiver-operator characteristic (ROC) curve for the prediction model. The model was most ''predictive'' of PTD <32 weeks, when a score of Z2 was obtained. The area under the ROC curve for the model was 0.91.
DISCUSSION
The indications for, and efficacy of cervical cerclage for the prevention of PTD remain controversial. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] 17 Complications that have been associated with cerclage include increased uterine activity, PPROM, preterm delivery, chorioamnionitis, cervical laceration, increase incidence of delivery by Cesarean sections and postpartum endometritis. [12] [13] [14] [15] [16] [17] The reports on the prevalence of these complications have varied among previous studies. The prevalence of PTD <32 weeks in our population is within the expected range for a high-risk population.
Being able to predict patients with cerclage at risk for preterm delivery would be important for counseling prior to performing cerclage procedures and could be useful in designing future interventional studies. It may also help identify the subset of women receiving cerclage who require increased surveillance. Some clinicians or patients may opt to avoid cerclage if the probability for preterm birth is considered high.
Our findings confirm some of the previously identified risk factors associated with adverse outcomes in patients receiving cerclage such as emergent cerclage and cervical change. Interestingly, a cervical length <25 mm prior to cerclage, a common indication for cerclage was associated with PTD <32 weeks. What is uncertain is the contribution of a shortened cervix to the development of these outcomes in the presence of a cerclage. A shortened cervix has been associated with PPROM and PTD. 18, 19 It is possible that the presence of a cerclage may have an additive effect to the risk of PPROM. 8 Our predictive model using three variables demonstrated a high sensitivity (80%) for predicting spontaneous PTD <32 weeks in patients receiving cervical cerclage in the presence of two or more risk factors. When placed in the context of the characteristic of our screening population with a prevalence of 20% for PTD <32 weeks, the positive predictive value using a cut-off of Z2 will be 82% and Figure 1 . Receiver-operator-characteristic curve for the threevariable model (cervical length <25 mm, emergency cerclage, and a history of cone biopsy) in prediction of PTD <32weeks in women receiving cerclage. Arrow ¼ score of Z2.
Odibo et al. Preterm Birth in Women Receiving Cerclage the negative predictive value would be 95%. The likelihood ratio for PTD <32 weeks with a positive test using this cut-off score will be 18.0. In populations with a prevalence of preterm birth higher than ours, the positive predictive value will be further increased. The utility of the prediction model as a tool for identifying patients at a higher risk for PTD <32 weeks, and therefore who may benefit from closer follow-up will depend on the population prevalence of PTD. The ideal follow-up or intervention for such a group of patients is still uncertain. Possible interventions may include pelvic rest, more frequent digital examinations and any future therapy that may be of proven efficacy in preventing preterm delivery. The only previous attempt at devising a clinical prediction rule at the time of cerclage was by Kokia et al. 20 These authors evaluated 24 women at the time of emergency cerclage and proposed a cervical incompetence score (CIS) depending on the degree of cervical effacement, dilatation, and protrusion of fetal membranes into the cervical canal. In their population, a low score was associated with a higher success of emergency cerclage. This scoring system has not been prospectively validated and was limited by its small size and to women having emergent cerclage only. Our study is different in design and raises important counseling issues that apply to a wider range of women receiving cerclage.
The limitations of our study include its retrospective design with possibility of introducing bias due to incomplete data. We were not blinded to the adverse outcomes or the variables included in the prediction rule. Such blinding has been suggested as a requirement to designing optimal prediction rules. 21 However, as the data were collected prospectively as part of another study, the possibility of bias is minimal. Since the data were all from one unit, the criteria for deciding who needs a cerclage were uniform. The risk factors evaluated by our prediction rule are easily reproducible, reliable, and make clinical sense. Owing to the retrospective design, it was impossible to determine the extent of the cone biopsy in those women with a history of cone biopsy. This information may be helpful in further categorizing the risk of the procedure.
Our study indicate that a shortened cervix, a history of cone biopsy and emergency placement of cerclage were risk factors associated with spontaneous PTD in women receiving cerclage for prevention of preterm delivery. Our clinical predictive rule showed a high sensitivity in predicting spontaneous PTD, and could be a useful tool for counseling high-risk patients prior to cerclage and for identifying those women with cerclage who require increased surveillance. It however needs to be prospectively validated before adoption for clinical use.
